We have sequenced the 0.7-kb-long fragment of Drosoghila DNA which ensures the autonomous replication of plasmI3s In yeast. Deletion mapping has shown the ARS element to consist of at least two domains:
INTRODUCTION
Sequences ensuring the autonomous replication of plasmids in Saccharomyces cerevlslae cells (ARS elements) have been revealed in the DNA of various eukaryotic organisms (1) . ARS are AT-rich sequences of no less than several dozen base pairs without extensive regions of mutual homology (2) . All the ARS elements exhibit an 11-bp consensus, (A/T)TTTATPuTTT(A/T) , which is necessary but not sufficient for effective replication (2, 3, 4) . Having studied various deletion derivatives of the ARS elements, different researchers arrive to the conclusion that, besides the core, additional enhancer sequences are needed We have earlier cloned a fragment of Drosophila DNA, Dro665, which hybridizes in situ with the telomeres of polytene chromosomes and contains an ARS element (11) .
In the present study we localize the ARS sequence within this fragment and show that the 90-bp-long segment at the 3*-end of the A-rich core strand is essential to replication. This enhancer per se does not ensure plasmid replication in yeast, but in combination with AT-blocks that are similar in structure to the consensus core it creates a functional ARS. A comparison of the enhancer with other ARS elements failed to reveal any significant regions of homology.
We also failed to find in our sequence the enhancer consensus reported by others ( 12) . We believe that the enhancer sequences adjacent to the core have no conserved regions identifiable as consensus. Possibly they create some kind of DNA or chromatin structure that favours replication.
MATERIALS AND METHODS
Strains and media. E.coli strains LE392 and JM83 were used for cloning. Transformants were grown on an LE medium (13) Deletions in plasmid DNA, Eal31 generated deletions in plasmid DNA were obtained by standard procedure (13) .
DNA sequencing was performed according to Maxam and Gilbert (16) .
Computer analysis of the DNA sequence was based on the SEOEUS software package deloped at the Institute of Molecular Genetics, the USSR Academy of Sciences.
RESULTS
The efficiency of Drosophila ARS in yeast.
Earlier we have cloned a DNA fragment from the Drosophila genome, Dro665, which is capable of ensuring the autonomous replication of plasmids in yeast cells (11) . Hybridization with polytene chromosomes has demonstrated that the fragment has horoology regions in the telomeres of chromosomes X, 2 and k. The subcloning of these subfragments in the yeast integrative plasmid YIp5 has shown the ARS to be located in the smaller one (Table 2) .
For a more precise mapping a set of deletions was obtained by linearizing the p665-52 plasmid with Eglll followed by the Eal31 exonuclease treatment. Fig.1 illustrates the procedure for obtaining and analysing the the deletion derivatives. All the deletion derivatives keeping both flanks of the Dm665 fragment, i.e.
carrying two Hindlll restriction sites, display replication activity.
None of the derivatives that had lost the smaller Bglll-Hindlll subfragment (0.7 kb), i.e. had only one Hindlll site, showed any replication in yeast. Thus, ARS is located in close proximity to the Hindlll end of the 0.7 kb subfragment.
Sequencing Dm665 and its deletion derivatives. The nucleotide sequence of the ARS-containing 0.7 kb fragment is shown in Fig.2 .
The 11 bp sequence TAAATATAAAT located at a distance of 120 bp from the Hindlll site coincides with the consensus core sequence previously established for various ARSs (2). pSL24, we determined the nucleotide sequence adjacent to the right Hindlll site. The deletion boundary in the pSL24 plasmid is at a distance of 379 bp from the Hindlll site (Fig.2) .
In spite of the large size of the deletion, a considerable part of the ARS-containing DNA fragment is preserved. The deletion baundaries in the pSL41 and pSL52 derivatives are located at distances of 106 and 90 bp respectively (Fig.2) . Eoth derivatives have lost the 11 bp core sequence. Nevertheless, these plasmids kept their replication ability in yeast. An inspection of their sequences (Fig.3) shows that the lost core is replaced by AT stretches that resemble it; these stretches have moved, as a result of the deletions from inside the 1.7 kb fragment which does not itself ensure plasmid replication in yeast. Presumably, Arrows indicate deletion bounderies. AT-stretches with a structure similar to the core are underlined by a single line, Alu sites -by a double line.
"a" -pSL52, "b" -SL41
The putative replication enhancer was subcloned from the deletion derivative pSL41 (Fig.3) , which has an Alul restriction and are usually confined to AT-rich regions, we tried to assess their significance by comparing the local AT content of the segments of our enhancer sequence with the frequency of occurence of regions homologous to them in other ARSs (Fig.4) . A very good correlation suggests that the existance of numerous homologous regions may reflect the generally high AT content of various ARSs.
The anomalous mobility of the ARS-carrying DNA fragment.
Since we have failed to find a sequence that would be common to our enhancer and other ARSs, it is natural to ask what structural features are responsible for enhancer s ability to stimulate replication. Bent DNA regions may be relevant in this connection. They occur whenever there are stretches of more then three A's (or three T's) separated by multiples of 10.5 bp (2k). Dm665 sequence (Fig.2) contains such stretches, particularly in the enhancer region.
Pent DNA has lower mobility in polyacrilaraide gel electrophoresis.
The effect is especially pronounced at low temperatures. In 6% rolyacrilamide gel at 5°C the 175-bp fragment containing the subcloned enhancer and the pUC19 polylinker moves as a fragment of 190 bp (Fig.5a) .
At 3O-4O°C this mobility shift is clearly smaller (Fig.5b) . an increase in a distance inactivates the ARS (25) . Eent DNA has also been found in the origins of replication of A {2b) and SV40 (27) . We suppose a similar structure to be present in the sequence of our enhancer.
Does the sequence we have cloned have anything to do with the initiation of DNA replication in Drosophila cells? We do not know the answer, like we do not know it in the case of any ARS cloned from eukaryotic DNA other than yeast. Most likely the answer is no, considering that the sequences ensuring replica-be different (28, 29) . One has no grounds for assuming that the specific origins of replication of Drosophila chromosomes (if indeed they exist) are similar to the replication origins of yeast.
